Significant efforts to improve water supply and sanitation (WS&S) in Ethiopia have been made over the past decade, yet it is unclear how progress has affected different segments of the population. This study used data from Ethiopia's Demographic and Health Survey (2000 , 2005 , and 2011 ) to assess trends in: 1) access to improved water supplies; 2) use of improved sanitation; 3) use of untreated surface water as a primary source for drinking water; 4) open defecation; and 5) water transport times greater than 30 minutes. Trends were assessed by urban/rural residence, administrative region and education. The study found increases in access to improved water supplies and reductions in open defecation; however, no progress was observed in the use of improved sanitation. Rural households that reported drinking untreated surface water went from nearly one-third in 2000 to one-fifth in 2011.
INTRODUCTION
Access to safe water and proper sanitation are major determinants of preventable diseases in low-income countries, such as Ethiopia (World Bank ). According to the World Health Organization (WHO), diarrhea remains the second leading cause of death in children under five years of agecaused primarily by a lack of safe drinking water, poor sanitation and hygiene. Diarrhea is also an important cause of malnutrition in children under five years of age (WHO ). In a case-control study conducted in one district of Ethiopia, for example, a reduction in acute childhood diarrhea was found to be positively associated with access to basic sanitation, household water treatment, and the source of drinking water (Godana & Mengistie ) . Other studies have identified similar associations in Ethiopia (Eshete et al. ; Anteneh & Kumie ; Gebru et al. ) . One study estimated that diarrhea represented a quarter to three-quarters of all childhood morbidity (Eshete et al. ) , and one study estimated that diarrhea was responsible for about one-tenth to onequarter of all deaths in under-five children (Shimelis ) .
This research in the Ethiopia context makes it apparent that expanding coverage for improved water and sanitation is the primary preventive measure for diarrheal diseases.
Ethiopia is one of the least economically developed countries globally and has been the recipient of significant donor support to assist the government of Ethiopia in achieving the Millennium Development Goals (MDGs), which ended in 2015 (USAID ). In 2015, the WHO/ UNICEF Joint Monitoring Programme reported that Ethiopia had made significant progress in the provision of water and sanitation for its citizens (JMP ). There has been limited research, however, that has assessed a variety of water supply and sanitation (WS&S) metrics across different sub-populations in Ethiopia. Further, it is unclear if gains have been equitable across these different segments of the population. Inequity in this analysis refers to differences in WS&S coverage levels among households in rural and urban areas, households in different administrative regions as well as across households with different educational attainment (One Wash ).
METHODS
The data used in this analysis were downloaded from the Demographic and Health Survey (DHS) Program website.
Specifically, household datasets of the Ethiopia Demographic and Health Survey (EDHS) for the years 2000, 2005, and 2011 were downloaded (EDHS , , ). EDHS is nationally representative, and the household sample sizes of the surveys were 14,072, 13,721, and 16,702 in the 2000, 2005, and 2011 EDHS, respectively. In addition to English, the survey questionnaires were translated into three major languages -Amharigna, Oromiffa, and Tigrigna. The sample is representative at a national, residence (i.e., urban/rural), and regional level. For cities, the sampling frame is defined by that country's census bureau. Sampling is typically based on a stratified two-stage cluster design. The first stage uses census files to identify enumeration areas (EAs), small administrative units with defined boundaries and a known population size. Most surveys select 300-500 EAs with the probability proportional to population size. In the second stage, an updated listing of households in each selected EA is used from which sample households are drawn (DHS Methodology ).
The study included five measures of access to WS&S, which were estimated based on EDHS data:
• % of households with access to an improved water supply • % of households with access to improved sanitation • % of households that report spending 30 minutes or more collecting water Research has suggested that if total travel time to collect water is greater than 30 minutes, households tend to collect less than is needed to meet basic human needs (Howard & Bartram ) . The prevalence of households reporting the use of untreated surface water was assessed using survey responses on the source of drinking water and on treatment of drinking water. Given that there is the possibility that households may treat their water to make it safe to drink, this study focused on households who use surface waterthe worst form of unimproved water sourceswithout any treatment. The 2000 EDHS questionnaire did not include a question on whether water used for drinking was treated or not. Therefore, the percentages for households from the 2000 EDHS reflect surface water use and do not determine whether point of use treatment was carried out.
For this study, descriptive statistics were conducted using SPSS Version 22.0. The DHS household sampling weight to account for over-or under-sampling was applied in all analyses (DHS Methodology ).
RESULTS
Trends on use of surface water and access to improved A closer look into the various administrative regions revealed that Affar had much higher levels of its population using untreated surface water across the three surveys ( Figure 3 Ben-Gumuz (11.6 percentage points), Amhara (6.9 percentage points) and Afar (6.2 percentage points). Figure 4 There was a slight increase in the proportion of households that spent 30-60 minutes collecting water in the ten-year period. The rural/urban analysis of time to collect water ten-year period. The most progress was observed among households with primary education (18.7 percentage points), followed by households with no education or preschoolers (13.2 percentage points) and households with secondary education (12.6 percentage points). The steady decrease in the use of untreated surface water across households with different educational attainment was consistent with the overall reduction in the use of untreated surface water in the country.
As shown in
There was a significant association (p ¼ 0.000) between level of education and use of improved water. Figure 5 A positive association was observed between educational attainment levels and access to improved sanitation (Figure 8(b) ). Households with higher education had better access than those with no education or primary education (Figure 8 ). In 2011, there was a 43.7 percentage point difference between the proportion of households with improved sanitation among those with higher education and those with no education. There was a moderate increase (more than 4 percentage points) in access to improved sanitation among households with no education, primary education, and secondary education between 2005 and 2011.
DISCUSSION
In Thus, Ethiopia did not meet the MDG sanitation target.
This signifies the need to fine-tune approaches like CLTS to also target increasing improved sanitation and creating more resilient sanitation systems.
In contrast, access to improved water increased substantially over the ten-year period. The JMP reported that 52% of the population had access to improved water in 2012 (JMP ). This is somewhat similar to the finding of this study, where 53.6% of households reported using improved water in 2011. There has been a major effort since 2000 in expanding coverage of improved water, and remarkable pro- Other researchers have documented the association between household education and access to WS&S (Hulland et al. ) . This EDHS analysis also showed similar associations. As educational attainment is generally highly 
